Abstract. Rivers are an important link between terrestrial and aquatic ecosystems for nitrogen cycling, while denitrification plays a key role in riverine nitrogen removal. Denitrification was first examined in China's largest river, the Changjiang River, by using a whole-reach method. The production rates of N 2 by means of denitrification were 2.82 ± 1.18 and 5.74 ± 2. 
Rivers play an important role as nitrogen (N) sinks and sources; as sinks, rivers receive N inputs mainly from watersheds through runoff, surface runoff and leaching, etc; as sources, rivers ultimately transport N to the aquatic ecosystems (estuaries, coastal seas, and oceans). Almost 30% of new global N input is transported to the ocean by the world's rivers. [1] Therefore, rivers are an important link between terrestrial and aquatic ecosystems, and riverine N flux may constitute a sensitive predictor for N biogeochemical cycling. Denitrification, the microbially mediated reduction of NO − 3 and NO − 2 to N 2 and N 2 O, is the only permanent pathway of N removal during riverine transport. Riverine denitrification can reduce N export to aquatic ecosystems, thereby improving the water quality of these systems.
Although several approaches have been used for measuring denitrification in aquatic systems, the lack of suitable methods has been a major obstacle in denitrification studies. [2] For examples, the acetylene inhibition method can dramatically underestimate denitrification because it is not always an effective block of N 2 O reduction to N 2 during denitrification; moreover, acetylene also inhibits the nitrification process. [3] Laboratory microcosm experiments with sediment cores may not fully simulate natural environmental conditions. [4] Some studies have been made using benthic chambers, [2] however benthic chambers present a unique challenge in lotic systems due to the current velocity. In other studies, riverine denitrification was inferred by mass balance in which denitrification was estimated as the net loss in total N or change in nitrate concentration, [5] but the importance of various factors in controlling nitrogen removal by denitrification cannot be assessed for whole river reaches. A recent approach, developed by Laursen and Seitzinger, made it possible to directly measure very small changes in concentrations of dissolved N 2 of river water and to correct for atmospheric exchanges to study denitrification. [6] In this report, we have applied a similar approach to measure denitrification in the Changjiang River. Measurements included both N 2 and N 2 O; N 2 was measured using membrane inlet mass spectrometry [7] and N 2 O using gas chromatography. To our knowledge, this is the first to measure the river denitrification of China.
The Changjiang River is the largest river in China, draining almost one fifth of the total area of the country. In terms of length (6300 km), suspended material in solution (500 × 10 9 kg yr −1 ), and water discharge (900 km 3 yr −1 ), the river channel is the third, fourth, and fifth largest river in the world, respectively. Recent study showed that the total N inputs to the basin has increased more than three fold in the last three decades due to the human activities, such as fertilizer application, population growth, and land use changes, and thereby the river nitrate concentrations have increased about ten fold. [8] Such a steady increase of riverine N export to the estuary caused unprecedented eutrophication of East China Sea.
Water samples were collected from the Changjiang River at Datong Hydrological Station (DHS) during three different months (August 2002 , October 2002 , March 2003 . At each sampling time, samples were collected at 2-m depth increments from the rivers surface to the bottom. At the same time, water discharge, suspended solids, water current velocity, water and air temperature, wind speed, and other normal factors (such as N, P concentrations) were measured or recorded at DHS. Samples for N 2 analysis were collected by gravity-filling 60-mL BOD bottles from the sampler using a Teflon tube. The tube was inserted to fill BOD bottles from the bottom. During bottle filling, several volumes were allowed to overflow, preventing contamination of water samples by atmospheric N 2 . Samples were preserved by pipeting a small volume of saturated HgCl 2 solution into each bottle (0.25% v/v final concentration) immediately before inserting the ground glass stopper. Samples for N 2 O analysis were collected by filling 30-mL glass serum bottles from the sampler. Samples were preserved by adding a small crystal of KOH to each bottle immediately before the bottle was stoppered. All samples were collected in triplicate.
Production of N 2 and N 2 O were based on the approach of Laursen and Seitzinger. [6] The approach was modified by assuming (a) that temperature in the Changjiang River was constant over a 24-h period (given the large volume of water), (b) that production of these gases approximated steady-state conditions with gas production equalling atmospheric re-equilibration, and (c) that the river was well mixed, as demonstrated by gas samples collected at various depths. Atmospheric re-equilibration was estimated from wind velocity based on an empirical relationship between wind velocity and piston velocity, standardized to a Schmidt number of 600 (k 600 , the piston velocity of CO 2 at 20 • C; Laursen and Seitzinger, in preparation). Piston velocity was corrected for N 2 and N 2 O at in situ temperatures based on the relationship k gas /k 600 = (Sc gas /600) −n , where k gas is the piston velocity of the gas of interest, Sc gas is the Schmidt number of the gas of interest at in situ temperature, [9] and n is the Schmidt number coefficient (2/3 for smooth surfaces, decreasing to 1/2 in surface with breaking waves). [10] Errors in estimates of N 2 and N 2 O production were based on uncertainty in gas exchange rate (uncertainty in the empirical relationship between wind velocity and k 600 ) and analytical uncertainty in the measurements of N 2 and N 2 O. (Fig. 1a) , and 746 ± 0.68 µmol(N 2 ) L −1 in March 2003 (Fig. 1b) . In Table 3 . Denitrification at DHS Tables 1 and 2 , we estimated N gas production in the Changjiang River at DHS. The rates for N 2 O production were 1.98 ± showed that the rates of N 2 production were orders of magnitude higher rates of N 2 O production. Our measurements are higher than most literature values of riverine denitrification, however these rates are comparable to rates measured in several low-gradient agriculturally impacted rivers and streams. [5, 6, [11] [12] [13] The mean concentration of NO The results indicated much lower N removal via denitrification in the main stem of the river. Several other studies have examined factors that control N retention and/or removal via denitrification in rivers, such as nitrate concentration, water residence time, discharge, sediment properties, temperature, and so forth, [14] however, continued measurement of denitrification in the Changjiang River (including main stem and branches) throughout a whole year period after the construction of the Three Gorges Reservoir will provide more understanding of riverine denitrification as well as its role on controlling N export.
